Background
Introduction
Children born preterm (<37 weeks' gestation) are at increased risk for respiratory-related morbidity [1, 2] . We have also shown reduced lung function of preterm-born school-age children using data from a large cohort study [3] as well as modest reductions in exercise capacity [4] . What is unclear is if such respiratory morbidities and decrements in lung function reduce children's ability to participate in adequate levels of physical activity, possibly secondary to airway obstruction and impaired gas exchange. Physical activity (PA) is an important lifestyle choice which helps to ameliorate the risk of chronic disease however studies have shown that few children meet the recommended levels [5] , with a steep decline occurring during adolescence. Preterm-born adults report reduced conditioning leisure time physical activity and reduced exercise capacity compared to those born at term [6] [7] [8] ; since that respiratory morbidities track from childhood in to adulthood [9] , investigating habitual physical activity participation in childhood may be of heightened importance for preterm-born children.
We recently reported on objectively measured levels of habitual PA in 11 and 15 year old children born preterm in the 1990s using data from the Avon Longitudinal Study of Parents and Children (ALSPAC) and did not find evidence of differences compared to children born at term [10] , however, there were some methodological limitations including a possible underestimation in levels of Moderate to Vigorous Physical Activity (MVPA) due to the longer accelerometer epoch time which may not capture the sporadic PA commonly observed in children. Overall levels of PA were also low and this may have masked the effect of preterm birth; thus, it may be more optimal to study a younger cohort of children. We now report on objectively measured levels of physical activity and sedentary behavior from a UK-wide cohort of 7-year old preterm children born in the 2000's who reflect the modern era of neonatal care including innovations such as the routine use of exogenous surfactant and antenatal corticosteroids. These interventions are likely to have improved the respiratory outcomes of preterm birth but during this time rates of CLD have stayed largely the same, perhaps due to increased survival at the extremes of gestation.
Other studies investigating PA and sedentary behavior in preterm-born children are further limited by the focus on low birthweight or children with chronic lung disease of prematurity (CLD, often called bronchopulmonary dysplasia, BPD), have used questionnaire-based data [11, 12] , and are geographically based in relatively small areas. The aim of the study was to investigate if lower gestational age at birth is associated with reduced PA and increased sedentary behavior in 7-year old preterm-born children when compared to those born at term, and to investigate if this is mediated through an increase in respiratory symptoms.
Methods

Millennium Cohort Study
We used data from the Millennium Cohort Study (MCS), a UK-based geographically representative cohort which disproportionally sampled areas of ethnic minorities and lower socioeconomic status in England as well as the devolved nations of the UK (Wales, Scotland and Northern Ireland) [13] . Briefly, 18,818 children and families were recruited between the years of 2000-2002 and followed up from the age of nine months and subsequently at 3, 5 and 7 years of age with data collection ongoing. At the age 7 follow-up, 14043 of 18818 families participated in the home interview where 12781 of 14043 participants (91%) agreed to wear the activity monitor [14] . Valid PA data (at least 10 hours on at least 2 days) were available for 6675 participants representing 52% of the children included at 7 years of age. After removing those with missing gestational age at birth (n = 253), 6422/12781 (50%) children were included (Fig 1) . Written informed consent was obtained prior to data collection from the child's caregiver. Ethics approval was given by the Northern and Yorkshire research ethics committee. The data are available as a downloadable resource and do not contain personal identifiable information.
Physical Activity
Children were provided with a uniaxial accelerometer (Actigraph, Pensacola, Florida, USA) to wear around the waist during waking hours for 7 consecutive days. The device has been validated against criterion standards and the methods for data recording, processing and establishing activity 'cut-point' thresholds are described elsewhere [15] . Valid data were considered to be a recording of a minimum of 10 or more hours on 2 or more days of recording [15, 16] .
We used three outcomes in our analysis: Total PA, the average number counts per minute (cpm) over the period of the valid recording; MVPA, defined as average time in minutes per day spent at >2241cpm over the period of the valid recording; and sedentary behavior, average time in minutes per day spent at <100cpm. Total PA was used as it provides a summary measure of activity and is the variable used for comparison in calibration studies [15] . MVPA and sedentary behavior were used because national guidelines recommend at least 60 minutes of MVPA per day and reductions in sedentary behavior [5] .
Perinatal data
Perinatal data on birthweight, admission to the neonatal intensive care unit and length of hospital stay were extracted from hospital records [17] . Gestational age was derived from maternal report of the expected due date during the 9 month interview, which was based on the date of the last menstrual period and results of the antenatal ultrasound scan. These data have been shown to provide an accurate estimation when compared to linked hospital database records [18] . Children with valid accelerometry data were divided into four groups based on gestational age at birth: 25-32, 33-34, 35-36 and 37-43 weeks' gestation (term control). This approach is similar to our other studies on lung function [3] and physical activity [10] and that of others as it represents specific stages in lung development and children most at risk of lung disease [19, 20] .
Respiratory outcomes
Rates of wheeze and atopy in the last 12 months were derived from interviews conducted by the study team during the home visit at 7 years of age. Use of such data for assessing respiratory outcomes is well-established and extensively validated [21] .
Demographics
Information on gender, ethnicity, mother's smoking habits during pregnancy and educational qualifications were collected at the home-based interview conducted 9 months after birth [22] . Highest level of education was categorized into none, other, GCSE (national school exams at 16), A-level (national school exams at age 18), or university degrees. At the age 7 home visit data on the child's age, weight and height were collected, from which BMI was ascertained. Social class was based on the 5-category UK Office for National Statistics Socio-economic Classification (NS-SEC) which relates to maternal employment (last known job) at the age 7 visit.
Statistical Analysis
Firstly, in order to assess the representativeness of the available data all demographic variables were compared between participants who provided valid PA data and those who did not, using χ 2 tests.
Secondly, we compared birth characteristics in the four groups of gestation using ANOVA for normally distributed data and used Kruskal-Wallis Tests for non-normal data. Since total accelerometer wear time was not consistent across all participants, we used the methods of Griffiths to standardize the measures of MVPA and sedentary behavior. This was achieved by introducing a standard day of equal duration for all children (equal to the mean wear time across all valid days of recording) [23, 24] . Each PA variable was then tested for normality using P-P plots; MVPA was found to have a positively skewed distribution and was therefore square-root transformed prior to analysis. Total PA and sedentary behavior did not require transformation.
In order to investigate the effect of gestation group on measures of activity (Total, MVPA or sedentary behavior), we used a series of general linear models. Since our previous study showed a significant difference between levels of activity in males and females, we first tested the association between gestation group and PA for an interaction with gender. As expected there was significant evidence (p<0.001) of an interaction hence we have stratified all analyses by gender. In model 1 (adjusted for birth factors only) we included gestation group, single or multiple births, intrauterine growth restriction status (IUGR, defined as <10 th centile for standardised birthweight [LMS Grow Program; Medical Research Council, UK]), admission to the neonatal unit and maternal smoking in pregnancy; in model 2 we adjusted for the variables in model 1 plus age, body mass index (BMI) and season of accelerometry data collection at the 7-year visit; in model 3 we adjusted for the variables in model 2 plus social factors at the 7-year visit: ethnicity, maternal education and social class; in model 4 we adjusted for the variables in model 3 plus respiratory symptoms: current wheeze and atopy. General linear modelling was performed using SPSS Statistics (version 20, IBM, Chicago, IL., USA). In order to further investigate the mediation of respiratory symptoms (current wheeze and atopy) on the association between gestational age and measures of PA, we conducted mediation analysis. This enables distinction between the direct effect, which is the relationship of the independent variable on the dependent variable, adjusting for the mediating variable, and the indirect effect, which is the effect of the independent variable on the dependent variable through the mediating variable. Mediation is said to occur if the strength of the relationship between the predictor and the outcome is diminished by including a mediator [25] . Mediation analysis was performed with Mplus using structural equation modelling (version 7, Muthen and Muthen, Los Angeles, California USA). For all analyses p<0.05 was considered statistically significant.
Results
After excluding participants without valid accelerometry and gestational age data, 79 children were born at 24-32 weeks', 119 were born at 33-34 weeks', and 275 were born at 35-36 weeks' gestation. The control population consisted of 5949 children born at term (37-43 weeks' gestation) ( Table 1) . Children born at 32 weeks' gestational age were noted to have a significantly lower BMI and had increased incidence of recent wheeze and asthma when compared to those born at term. Rates of atopy were similar between gestation groups. Preterm born children were more likely to be born to mothers who smoked during pregnancy; however, there were no significant differences in socio-economic status when measured by maternal employment or maternal education. There were some small but statistically significant differences between participants who provided valid PA data and those who did not. Those with valid data were more likely to be female, white, and born at term. Mothers were more likely to have achieved a higher educational qualification, have not smoked during pregnancy and be of higher socio-economic status (S1 table, online supplemental information). A previous study investigating the demography of non-consent to participate in the accelerometer study found consent was less likely for children with limiting illness or disability, those who reported exercise less than once per week, and a number of social factors related to increased levels of deprivation [26] . Table 2 shows levels of PA by gestation group, presented separately for males and females. Females participated in significantly less PA and spent more time in sedentary behaviour. The mean levels of MVPA were close to or exceeded the recommended guidelines of 60 minutes per day (Preterm females 55, males 66 minÁday -1 ; Term females 55, males 69 minÁday -1 ). 63% of term-born boys participated in greater or equal to 60 minutes of MVPA compared to 55% of those born preterm. In females, 34% of those born preterm participated in greater or equal to 60 minutes of MVPA compared to 36% of those born at term.
The results of the main analyses, separated by gender, are shown in Table 3 . In the minimally adjusted model (model 1), gestational age in boys was significantly associated with reduced levels of MVPA in the 32 week group when compared to term but not for the 33-34 and 35-36 week groups. After addition of further sets of variables, this relationship remained statistically significant in the fully adjusted model (model 4). Although the effect size of gestational age group and contribution to the model fit as a whole were both small, when we used the regression equation derived from model 4 to calculate the mean predicted values it equated to a difference of approximately 9 minutes per day of MVPA between boys born at term (mean predicted MVPA 67.7 minÁday )-over 1 hour in total of the course of a week. Total PA was also noted to be lower in the 32 week group when compared to term in model 1; however, these associations attenuated somewhat as further variables were added to the model. There was also a significant association between gestational age ( 32 weeks' gestation) and increased levels of sedentary behavior for model 1 when compared to term-born controls; this again attenuated in models 2-4 mainly due to the strong influence of non-white ethnicity and higher socio-economic status, both of which were significantly associated with increased levels of sedentary behavior. Results from univariate analyses are available in S2 Table (supporting information) . In females, there were no significant associations between gestation groups for Total PA, MVPA or sedentary behavior in the minimally or maximally adjusted models. The results of the formal mediation analysis confirm the results as described above. Although gestational age was found to be a significant predictor of increased wheeze in boys, there was no evidence that wheeze or atopy moderates the association between gestational age and MVPA (indirect effect for wheeze β = 0.006 p = 0.3; indirect effect for atopy β = 0.001 Table 3 . Results of general linear models regressing activity variables on gestation groups adjusting for confounders. 
MALES
Discussion
Using data from a large cohort study of children born during the surfactant era, we have shown that birth at 32 weeks' gestation is a statistically significant factor in predicting reduced levels of MVPA in 7 year-old boys after adjustment for birth, growth and socio-economic factors. This equated to approximately a 1 hour difference in MVPA over the course of a week between boys born at 32 weeks' gestation when compared to those born at term. There was also some association between decreased levels of total physical activity and increased levels of sedentary behaviour in boys born at 32 weeks' gestation when compared to those born at term; these were not statistically significant in the fully adjusted models. None of the above findings were replicated in females. We have recently shown no differences in Total PA, MVPA or sedentary behaviour in 11-15 year old preterm-born children when compared to term controls using data from the ALSPAC study. The decrements in lung function previously observed in preterm born children within this cohort were also not correlated with reduced activity. However, overall levels of activity were low [10] . In contrast, children participating in the current study showed significantly higher levels of MVPA, meeting or exceeding the recommended guidelines. In comparison, another UK-based cohort of 7 year old children conducted by Basterfield et al showed that only 10% of boys and 3% of girls met the national guidelines for MVPA when the cut-point was set at 3200cpm [27] . There are a number of possible reasons for these differences. Firstly, the 15 second data collection epoch used in the current study is more likely to detect MVPA, which occurs in short, sporadic bursts in young children [28] . This may be reflected in the differences in proportions of vigorous activity making up MVPA (32% of MVPA in MCS and 7% in ALSPAC). Secondly, the cut-point used to derive the MVPA variable are lower (>2241cpm) in the MCS, possibly leading to an over-estimation. When the thresholds used by Basterfield were applied to the MCS data, the proportion of boys and girls meeting MVPA guidelines fell to 14% and 0.4% respectively [23] . Longitudinal data from Basterfield et al also demonstrated a significant decrease in MVPA and a rise in sedentary behaviour between the ages of 7-9 years. One possible explanation for these differences is that younger children may be more likely to spend time in habitual 'free-living' play activities than 9 or 11 year olds who are undergoing a transition to middle/high school education with formalised physical education lessons and heighted social pressures.
Similarly, differences in sedentary behaviour between cohorts are difficult to compare due to variation in the accelerometer cut-point used, for example: <100cpm in the MCS, <200cpm in ALSPAC and <1100 in the Gateshead Millennium Study [27] , the latter of which captures a proportion of light intensity PA as defined in the MCS or ALSPAC. Although we did show that the 32 week gestation group had increased levels of sedentary behaviour compared to termborn boys, this association was not robust to the addition of other explanatory variables in terms of maintaining statistical significance. However, this still does equate to over 14 minutes of additional sedentary time per day which could reflect a preference for this group of children to choose to spend less time active.
It is interesting that markers of lower socio-economic status (maternal smoking history) were associated with less time spent in sedentary behaviour and increases in total PA and MVPA. In contrast, markers of higher status (mother's last known employment, higher level of maternal education) where associated with decreased Total PA, decreased MVPA, and increased sedentary time. Non-white ethnicity was also significantly associated with lower Total PA and more time spent sedentary. The observed differences between socio-economic groups were small and without a clear trend, consistent with previous studies [29] . More research is warranted in this area to determine the reasons for differences in PA between socioeconomic and ethnic groups.
In our recent study, we observed increased rates of exercise-induced bronchoconstriction and reduced levels of PA in preterm-born children using data from a self-completed questionnaire [30] . This lead us to the hypothesis proposed in this study that experiencing such symptoms of airway obstruction on exertion is a conceivable pathway to reduced levels of activity. A previous study described that children with asthma may exercise less to avoid the unpleasantness of these sensations [31] . Other questionnaire-based studies also support the hypothesis that preterm-born children consider themselves less active. Clemm et al. and Welsh et al. demonstrated both reduced levels of self-reported PA, however both these studies included only children with gestation 28 weeks' gestation [32, 33] . Furthermore, in the latter study, questionnaire responses did not correlate with accelerometry which may be attributed to the differing types of activity recorded when using subjective or objective methods [28] .
Somewhat surprisingly, our findings suggest that despite preterm-born children demonstrating significantly increased rates of current wheeze, this was not a mediating factor in the relationship between gestational age and levels of physical activity. It is likely that the reporting of respiratory symptoms at the time of assessment was accurate as the questionnaire used in the MCS is well validated and collected during a home visit where answers could be clarified. Although it is difficult to compare our study with those focusing on low birthweight, such studies often contain a significant proportion of participants who were born preterm, especially in the very low birthweight and extremely low birthweight groups (<1500g and <1000g birthweight, respectively). A summary of these studies showed that reductions in exercise capacity were present from an early age-consistent with the modest differences found in our recent systematic review [4] . This may reflect the ability of the cardio-respiratory system to compensate for any airway obstruction during exertion, especially due to the increased ventilatory reserve available in children [30] ; however this is accompanied with a diminished ability to perform tests of motor function and strength-based tasks, with differences in habitual physical activity only manifesting from adolescence onwards [34] . Other potential mediators of PA in preterm-born children therefore may include differences in body composition such as muscle mass and fat mass, and limitations imposed by neurodevelopmental sequelae of preterm birth [35, 36] . Similar reasons could possibly help to explain why in this study, we found lower levels of MVPA in preterm-born boys 32 weeks' gestation but not in girls. Peacock et al suggested that respiratory and neurological outcomes following preterm birth may be worse in males than in females, especially at the extremes of gestation [37] . Also, sex-typed behaviour emerges early in childhood and 'male typical' activities have been linked to increased levels PA by late childhood [38] ; it is conceivable that preterm-born boys with milder forms of developmental coordination disorder, which has been linked to decreased MVPA, spend less time in male typical activities due to reduced self-perception of abilities and difficulties with keeping up with their peers [39] .
Notwithstanding, since PA has the potential to improve cardio-respiratory health, pretermborn children should be encouraged to participate in adequate levels in order to develop positive attitudes towards exercise. Although the 9-minute difference per day in boys of 32 weeks' gestation was small, this equated to over 1 hour a week and this may have some clinical utility. An increase of 9 minutes would improve the proportion of preterm-born boys meeting daily MVPA recommendations from 55% to approximately 73%. Achieving such improvements may be of heightened importance given the clear evidence of a steep decline in PA which has been observed during adolescence and consistent reporting of decrements in exercise capacity and PA in preterm-born adults. Both point towards detraining of the cardio-respiratory system which may have implications for the development of early-onset chronic respiratory disease and thus deserves further surveillance.
The main strengths of our study are the use of recent data from a large contemporary cohort which sampled from the whole of the UK and from a diverse range of socio-economic backgrounds. The Actigraph device used has been well validated and in contrast to other studies used a shorter sampling epoch thus allowing for capture of shorter periods of MVPA. We acknowledge that a limitation is the accelerometer required removing for contact sports or water-based activities, and does not capture bicycle riding adequately. However, the age of children in this study makes participation in contact sports less likely than those conducted in older cohorts. In any case, our data reflect habitual activity rather than sports participation. Additionally, our sample was taken from a proportion of the MCS who participated in the home visit and provided valid accelerometry data; the study by Rich et al showed that non consent rates were higher in children with a limiting illness or disability [26] . Such selection bias reduces the possibility of including children with severe physical or cognitive impairments. In common with many longitudinal studies, there is some attrition over time and we are limited by the data available. Other data on socio-economic status such as the Index of Multiple Deprivation are available but this is calculated differently in the four devolved nations of the UK. Although our participants were of higher socio-economic status we believe our results are generalizable as lower socio-economic status was associated with increases in physical activity [23] . Finally, although banding of gestation in to categories will result in a small degree of misclassification, modelling measures of PA on a continuous measure of gestational age (in completed weeks) gave a poor linear fit. This was only marginally improved by fitting splines to the gestational age data similar to an approach we recently used [Watkins WJ, in press). Since our previous work also demonstrates non-linear decrements in lung function between groups and also reflects distinct stages of lung development we feel such an approach is valid.
In conclusion, we have shown small but important differences in objectively measured physical activity in 7-year old boys who were born very preterm when compared to term-born controls. Children born in the MCS reflect the more immature graduates of modern neonatal care including gentler ventilation, antenatal steroids and exogenous surfactant therapy. The difference in cut-points for levels of activity make comparisons of similar studies difficult; however, it appears that preterm-born children are capable of participating in adequate levels of habitual physical activity. This requires surveillance due to the declines in PA and increased sedentary behaviour that have been shown to occur throughout childhood and adolescence.
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